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We examine student achievement of 2533 studentsin 10 middle schoolsin relation
to theimplementation of textbooks devel oped with funding from the National Science
Foundation (NSF) or publisher-developed textbooks. Using hierarchical linear
modeling (HLM), curriculum type was not asignificant predictor of student achieve-
ment on the Balanced Assessment in Mathematics (BAM) or TerraNova Survey
(TNS) after controlling for student-level variables. However, the Standards-Based
Learning Environment (SBL E) moderated the effect of curriculum type. Studentswere
positively impacted on the BAM by NSF-funded curriculawhen coupled with either
Moderate or High levelsof SBLE. Therewas no statistically significant impact of NSF-
funded curricula on students in classrooms with a Low level of SBLE, and therela-
tionship between publisher-developed textbooks and SBLE was not statistically
significant. Moreover, there was no significant impact of either curriculum type
when coupled with varying levels of SBLE on the TNS as the dependent measure.
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In thiseraof high-stakestesting and public accountability, school personnel are
searching for waysto improve mathematics learning opportunitiesfor al students.
Although thereis no single “magic bullet” solution, one avenue for strengthening
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school mathematics programsisthrough the sel ection and implementation of high-
quality mathematics textbooks. Researchers note that textbooks have historically
played aprominent rolein U.S. mathematics classrooms, often defining the math-
ematics curriculum that students have an opportunity to learn (Schmidt, McKnight,
& Raizen, 1997; Tyson, 1997; Weiss, Banilower, McMahon, & Smith, 2001) and
underscoring the need to give careful attention to what mathematics content is
emphasized and how it is presented (Grouws & Smith, 2000; Peak, 1996). In fact,
89% of U.S. eighth gradersreport doing mathematics problemsfrom their textbook
(Lindquist, 1997) and nearly three fourths of eighth-grade teachersin the United
States report using their textbook on adaily basis (Grouws & Smith, 2000). Two
thirds of middle-grades mathemati csteachersindicate that they use one mathematics
textbook all or most of the time, and the same number indicate that they “cover”
at least three fourths of the textbook in a given year (National Research Council
[NRC], 20014).

Despite the dominant role that mathematics textbooks have historically played
in defining the school mathematics experience of students, drawing a direct link
from the textbook to student learning is difficult because many other factorsinflu-
ence what students learn, including teacher choices and actions, school and class-
room organization, and students’ readiness and willingness to learn. Notwith-
standing the compl exity of factorsthat contribute to student learning, textbooksare
viewed by many as an important lever for change—a tangible tool for impacting
what teachers do and therefore what students learn. However, the content and
quality of U.S. textbooks are dependent on commercia publishers that operatein
anational, market-driven environment. Publishers produce textbooks that are sold
nationally but must respond to local standards that vary from state to state (Reys,
2006). In some states, a list of “approved” textbooks is generated, and individual
school districts make selectionsfrom thisnarrow list. In other states, school districts
choose textbooks on their own timeline based on criteriadeveloped locally. Thus,
thereisno central system that influences nationally developed textbooks (Reys &
Reys, 2006; Sewall, 2005; Thomas B. Fordham Institute, 2004; Tyson-Bernstein
& Woodward, 1991).

In responseto the Curriculumand Eval uation Sandardsfor School Mathematics
(NCTM, 1989) and in an effort to influence and strengthen the quality of U.S. math-
ematicstextbooks, the National Science Foundation (NSF) hasinvested an estimated
$93 million in K-12 mathematics curriculum development efforts (NRC, 2004).
Curriculum devel opment teams consisting of mathematics educators, mathemati-
cians, and classroom teachers worked together to produce mathematics textbooks
that embodied “ standards-based” characteristics, including active engagement of
students, afocus on problem solving, and attention to connections within mathe-
matical strandsaswell asto real-life contexts (Reys, Robinson, Sconiers, & Mark,
1999; Trafton, Reys, & Wasman, 2001).

The curriculum development efforts funded by NSF together with textbooks
produced by commercia publishersoffer school districtsthelargest variety of curric-
ular materials available in the past 4 decades. Textbooks differ in their philosoph-
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ical orientation (i.e., their view of student learning) aswell asin content and in the
nature and amount of material provided to teachers (Trafton, Reys, & Wasman,
2001). These differences have the potentia to influence what mathematicsteachers
emphasize, how that content is presented, and most important, what mathematics
studentslearn.

Researching the impact of mathematics textbooks on student learning is a
complex endeavor (Sawada et al., 2002) that is difficult to conduct for many
reasons. These reasons include gaining access to schools, documenting the extent
to which teachers follow the textbook, collecting data over a sustained period of
time, identifying appropriate comparison groups, isolating variables, and accessing
valid measures of student achievement (Chval, Chavez, Reys, & Tarr, in press;
Hiebert, 1999; Schoenfeld, 2000; Usiskin, 1998).

Notwithstanding the challenges inherent in studying the relationship among
teachers, curriculum, and student learning, a growing body of studies provides
evidence that NSF-funded curricular materials influence teacher decisions and
actions (e.g., Remillard, 1999; Remillard & Bryans, 2004; Sawadaet al ., 2002) and
positively affect student learning (e.g., Briars, 2001; Griffin, Evans, Timms, &
Trowell, 2000; Huntley, Rasmussen, Villarubi, Sangtong, & Fey, 2000; Mullis et
al., 2000; Reys, Reys, Lapan, Holliday, & Wasman, 2003; Riordan & Noyce,
2001). With respect to curricular effectiveness, the NRC (2004) identified 67
studies of NSF-funded curricula; 11 studies of University of Chicago School
Mathematics Project (UCSMP); and 17 of commercially published curricula, 14 of
which were conducted on Saxon materials. “ Asthese results suggest, we know more
about the evaluations of the NSF-funded curriculaand UCSM P than about the eval -
uations of thecommercial programs’ (p. 99). Thereport further acknowledged that
“there was some reported reluctance on the part of commercial companies to
release studies that could affect perceptions of competitive advantage” (p. 100).

Variationinimplementation of curricular materiasiscited asafactor that islikely
to contribute to mediation of the impact of textbooks on student learning (Briars,
2001; Remillard, 2005; Huntley et a., 2000; Schoenfeld, 2000; Tarr, Chavez,
Reys, & Reys, 2006). Indeed, textbook implementation isan uneven processwithin
and across schools (Grouws & Smith, 2000; Jackson, 1992; Senk & Thompson,
2003). AsKilpatrick (2003) argued:

Two classroomsin which the same curriculumis supposedly being ‘implemented’ may
look very different; the activities of teacher and students in each room may be quite
dissimilar, with different learning opportunities available, different mathematical ideas
under consideration, and different outcomes achieved. (p. 473)

Researchersaretherefore urged to consider variationsin implementation of curric-
ular materials. The eval uation of mathematics curriculamust be situated within this
reality and certain minimum conditions must be established in order to examinelinks
between textbooks and student Iearning outcomes. As noted by the NRC (2004),

A standard for evaluation of any social program requires that an impact assessment is
warranted only if two conditions are met: (1) the curricular program is clearly speci-
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fied, and (2) theinterventioniswell implemented. Absent this assurance, one must have
ameans of ensuring or measuring treatment integrity in order to make causal inferences.
(p. 100)

The design of this study took into account “treatment integrity” by including
teachers use of available curricular materials and their provision of key instruc-
tional practices associated with Sandards-based instruction.

CONCEPTUAL FRAMEWORK

The term “curriculum” is used in many different ways, both in practice and in
the scholarly literature. For example, some researchers make a distinction between
the intended curriculum (the official set of learning expectations as described in
local, state, or national curriculum frameworks), the implemented curriculum (the
mathemati cs presented to students by the teacher), and the attained curriculum (the
mathematics that students learn) (Robitaille, 1992; Schmidt et a., 1997; Travers
& Westbury, 1989). Porter and Smithson (2001) distinguished the intended from
the assessed curriculum (represented by high-stakestests), and the enacted (imple-
mented) from the learned curriculum (the content that students learn).

Figure 1illustrates how each interpretation of curriculum connectsto and influ-
ences other components of the educational system. Note that we distinguish the
intended curriculum from the “textbook” curriculum. That is, the textbook adopted
by a school or district is often not perfectly aligned with the intended curriculum
(thelocal or state mathematics curriculum framework); consequently, teachers must
make decisions, often on adaily basis, about what to use from the textbook, what
to skip, and what to supplement from other resources. In this sense, teachers are
active developers of the enacted/implemented curriculum, influenced by experiences
that occur within the mathematics classroom as well as by the instructional mate-
rials available to them (Ben-Peretz, 1990; Clandinin & Connelly, 1992; Clarke,
Clarke, & Sullivan, 1996; Love & Pimm, 1996; Remillard, 1999; Remillard, 2005;
Remillard & Bryans, 2004).

Figure 1 includes a brief description of various forces that influence each
curriculum and, inturn, student opportunitiesto learn. For example, current educa-
tional policiessuch asNo Child Left Behind (NCLB, 2002) call for increased artic-
ulation of learning goals accompanied by annual assessments to measure student
progressin relation to these goals. Such policiesand their resulting products (state
or local curriculum standards documents and assessments) influence the textbook
curriculum aswell as the implemented curriculum (Jennings & Rentner, 2006). In
addition, the teachers' own beliefs and experiences as well as the student’s prior
knowledge and motivation influence the ways in which the student interacts with
mathematics. Instructiona strategies, whether explicitly suggested by the text-
book |esson or applied by theteacher independent of available curricular materials,
are other key influences on student learning.

Within our conceptual framework, we focus primarily on links between the
Textbook Curriculum, Implemented Curriculum, and Learned Curriculum. In
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Figure 1. Model depicting therelationship of varioustypesof curriculum and theforcesthat
influence the content of those curricula

particular, we examine the impact of two distinct types of Textbook Curriculum
(NSF funded and publisher developed) on the Implemented Curriculum and, inturn,
on the Learned Curriculum. Specifically, we examined relationships between the
implementation of district-adopted textbooks, Standards-based L earning
Environment (SBLE), and student achievement. In classrooms where textbooks
were found to be a significant determinant of the students' opportunity to learn,
analyseswere undertaken. Consistent with our conceptual framework, we focused
on three primary research questions:

1. Doestheimplementation of district-adopted textbooks differ by curriculumtype
(NSF funded vs. publisher devel oped)?

2.1n classrooms where district-adopted textbooks are a strong determinant of the
content and activity of mathematicslessons, to what extent does curriculumtype
(NSF funded vs. publisher developed) predict student achievement in mathe-
matics?

3. Doestherelationship between curriculumtype and student achievement in math-
ematics differ based on variationsin the SBLE?
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METHODOLOGY

The research questions required a project design that captured the complexities
of curriculum implementation and was simultaneously sensitive to the reality of
school settings. Therefore, we used aquasi-experimental design and employed both
qualitative and quantitative methods. Qualitative methods were used to characterize
curriculum implementation by teachers, including the nature and extent of use of
district-adopted textbooks. Moreover, consistent with our conceptual framework,
we made classroom observations to document the extent to which teachers created
a learning environment consistent with the tenets of the NCTM Sandards.!
Hierarchical linear modeling (HLM) was employed to ascertain relationships
among curriculum, teaching, and learning outcomes. Collectively, these methods
provided adatabaseto profile teacher and student experienceswith district-adopted
textbooks over a 2-year period in order to understand the impact of middle-grades
mathematics curricula on student achievement.

I dentification of Sample

Schools. Three criteria were established to inform the selection of schools: (@)
number of years since adoption of the current mathematicstextbook series, (b) orga-
nizational structure of the middle school, and (c) size of the community in which
the school was located. In particular, we did not consider schoolsin their 1st year
of implementation of any textbook because research suggests that many schools
gradually introduce new curricular materials before full implementation (Bay-
Williams, Reys, & Reys, 2003; Senk & Thompson, 2003). Given the longitudinal
nature of our study, preference was given to middle schoolsusing aGrade 6-8 orga-
nizational structure. In avoiding use of elementary schools, we eliminated many
problems associated with students changing schoolsand al so consolidated commu-
nication with school administrators and teachers. Finally, we sought representation
of avariety of community typesto reflect the diversity of the U.S. school popula
tion. Hence, we solicited participation of rural, small community, suburban, and
urban schools. These community types were operationally defined as follows:
rural—strongly rural characteristicswith apopulation lessthan 5,000; small city—
population of 5,000 to 10,000 and not near or part of a larger population area;
suburban—population of 5,000 to 100,000 near or part of alarger populated area;
and urban—population over 100,000. Wea so sought diversity with respect to ethnic
representation as well as arange of the percent of students qualifying for Free or
Reduced Lunch (FRL).

Given the absence of a database of textbooks used in our nation’s more than
15,000 school districts, we solicited Principal Investigators of NSF Instructional
Materials Development (IMD) grantsto provide names of school districtsthat were
beyond the 1st year of curriculum implementation. From the list, we contacted

1 Throughout the article “NCTM Standards” refersto acollection of four documents (NCTM, 1989,
1991, 1995, 2000).
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school administrators, outlining goals of the study and responsibilities of school and
research personnel. Once six school s using the NSF-funded textbooks were sel ected,
we sought to identify and obtain permission from schools with similar demo-
graphics—particularly the percentage of students qualifying for FRL—that were
using publisher-devel oped mathematics textbooks with a significant market share
based on the 2000 M athematics and Science Education Survey (Weisset al., 2001).

Once schools were selected, we sought the permission of all studentsin Grades
6, 7, and 8 and their mathematics teachersto participate in the study. In addition to
the promise of useful data yielded from the study, we also offered modest incen-
tivesto participate, including a$495 compensation for teachers' time (e.g., attending
an orientation meeting, completing surveys, allowing classroom observations,
administering and returning project-related exams) and a $250 school stipend for
provision of student achievement data, class rosters, and ongoing communication
with project staff, including local data collectors. Despite these incentives, only
approximately 1 in 3 districts ultimately agreed to participate. It should be noted
that reluctance to participate was evident in both types of schools, regardliess of
whether the district-adopted textbook was publisher devel oped or NSF funded. (For
afull description of the challengesin recruiting schools, see Chval, Reys, Reys, Tarr,
& Chéavez, 2006.) Notwithstanding these challenges, acrossthe 11 middle schools
that accepted the invitation to participate, only 1 teacher (out of more than 70) and
about 20 students (out of more than 4,000) declined to participate in both years of
the study.

Although 11 school s agreed to participate in the study, student achievement data
fromonly 10 schoolswere ultimately analyzed. One urban school using Connected
Mathematics Project (Lappan, Fey, Fitzgerald, Friel, & Phillips, 1998) was dropped
after it did not fulfill the commitment to provide prior achievement data, including
FRL dataat the student level. The decisionto drop this school was further supported
by the fact that the district experienced high mobility and student absenteeism in
both years; in fact, more than half of all studentswere absent for at least one of the
end-of -year tests. Moreover, one seventh-grade teacher (who taught morethan half
of the sixth gradersin the previous year) declined to participate, citing an exhaus-
tive list of prior commitments. Collectively these issues yielded a profoundly
reduced sample of students from this school. In short, compl ete achievement data
were not available for any student in this school, precluding any meaningful data
analysis (implementation data, however, was not compromised). Despite the loss
of 1 urban school, 2 urban schools remained in the sample for the duration of the
study, ensuring representation of adiversity of student populations.

Teachers. In order to describe the educational background, beliefs, and instruc-
tional practicesof participating teachersin the study, we amended asurvey designed
by Horizon Research, Inc. (Weiss et al., 2001) to solicit responses from teachers
about their use of curricular materialsto plan and enact instruction. We examined
anumber of attributes, including teacher beliefs, years of teaching experience, initial
certification area, highest degree held, number of college-level mathematics courses,
and amount and perceived impact of recent professional development.
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A comparison of the two sets of teachers (those using publisher-devel oped
curriculaand those using NSF-funded curricula) indicates there were no significant
differencesin years of teaching experience, degreesheld, or initia certification area
With respect to mathematics background, the two sets of teachers were generally
comparable. In particular, although there were no significant differencesin 12 of
14 surveyed content areas, teachers of publisher-developed curricula were more
likely to report college coursework in abstract algebra, whereas teachers of NSF-
funded curriculawere morelikely to report coursework in college algebra/trigonom-
etry/elementary functions.

The two sets of teachers reported comparable familiarity with the NCTM
Sandards, indicated similar levels of agreement with the overall vision of mathe-
matics education described in these documents, and expressed similar extent of
implementation of NCTM’srecommendations. With respect to professional devel-
opment, teachers of NSF-funded curricula reported more time spent attending
workshops on mathematics teaching or recent coursework in mathematics than
teachers of publisher-developed curricula. These same teachers indicated profes-
sional development focused on learning how to use the textbook adopted by their
district, with particular emphasis on learning to use inquiry/investigation-oriented
methods. In thisaspect, therewereno “matching” professional development oppor-
tunities for teachers using publisher-devel oped textbooks.

With respect to teacher beliefs, in relation to teachers of NSF-funded curricula,
teachers of publisher-developed curriculawere morelikely to believe that students
learn best in classeswith students of similar abilities, and students of these teachers
were more likely to be enrolled in mathematics classes in which students were
grouped by ability. Additionally, teachers of publisher-developed curricula were
morelikely to believe that students|earn mathematics best when the teacher demon-
strates concepts and methods and then provides students opportunities for practice
and reinforcement. Teachers of NSF-funded curricula were more likely to report
feeling prepared to encourage participation of minoritiesin mathematics. Finally,
teachers of publisher-developed curriculawere more likely to report that students
worked individually, whereasteachers of NSF-funded curricular reported students
tended to work collaboratively, in small groups.

In summary, the two groups of teachers were comparable in educational back-
ground, familiarity with national professional standards, and teaching licensure and
experience, but they differed in the amount and perceived impact of recent profes-
sional development aswell asin beliefs about teaching and learning mathematics.

Textbooks. The appendix provides information about the textbooks used by
school s during each year of the study and the number of students on which complete
data(i.e., prior achievement data and scores on two end-of -year tests administered
each year) were available. For the purpose of this study, schoolsusing NSF-funded
curriculaare grouped together for subsequent analyses, a decision consistent with
that of the NRC:

[W]ereport the patterns of results separately for eval uations of NSF-supported and commer-
cialy generated programs because NSF-supported programs had a common set of design
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specifications consistent with the National Council of Teachers of Mathematics (NCTM)
Sandards, reliance on manipul atives, drawing topics from statistics, geometry, agebraand
functions, and discrete mathematics at each grade level, and strong use of calculators and
computers. (2004, pp. 7-8)

Although the NSF-funded curriculashare design features, they are distinctive from
one another, having been written by different author teams. We concede that, in
“lumping together” textbook seriesinto one of two curriculum types (NSF funded
or publisher devel oped), we sacrifice direct comparisons of onetextbook to another.
Nevertheless, similar groupings of textbooks by curriculum type are used in recent
debates of “new ‘new math'” and “traditional” school mathematics programs
(Kilpatrick, 2003; Senk & Thompson, 2003).

Documenting the Implementation of District-Adopted Textbooks

Documenting the extent to which textbooksinfluence the content of and activity
within mathematics lessons (treatment integrity) is a necessary component of any
curriculum evaluation (NRC, 2004). In our study, measuring treatment integrity
required astandard that could be applied uniformly to teachers using different text-
books, including NSF-funded and publisher-devel oped textbooks. To establish the
degree to which students' classroom experiences were influenced by the district-
adopted textbook, we set a minimum standard regarding textbook use, including
(2) regular use of the curricular materials by teacher and students over a sustained
period of time, (2) use of asignificant portion of the curricular materialsfor content
focusandinstructional design, and (3) utilization of instructional strategiesaligned
with the philosophical embodiment of the textbook. To this end, a number of
instrumentswere devel oped or adapted to document treatment integrity, including
Textbook-Use Diaries and Observation Protocol s (each used in both years), and a
Table-of-Contents |mplementation Record (used in Y ear 2 only).

Textbook-Use Diary. During three 10-day intervals (in October, January, and
March), teachers recorded the curricular materials used in planning and enacting
mathematics instruction. They specifically noted what materials were used in (a)
planning instruction, (b) implementing instruction, and (c) assigning homework.
Additionally, teachers noted whether students utilized their textbooks during each
lesson and their utilization of additional curricular resources (e.g., aternative text-
books or other supplemental material). From the 30-day sample, inferences were
made regarding the frequency of textbook use by teachersand studentsfor theentire
academic year.

Observation Protocol. We adapted an observation tool used in the Wisconsin
Longitudinal Study (Romberg & Shaffer, 2003) to measure the classroom learning
environment (a process described in asubsequent section) and to document teacher
and student interactionswith textbooks and other curricular materials. In particular,
we recorded (a) textbook use by teachers and students during the observed lesson,
(b) homework assigned from the textbook or other resources, (c) the degree to
which thetextbook influenced the content of thelesson (using a5-point rubric), and
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(d) the degree to which the textbook influenced the presentation of thelesson (using
a 5-point rubric). Observations were scheduled to occur on days in which teachers
made entriesin Textbook-Use Diaries, thus corroborating these self-reported entries.

Table-of-Contents Implementati on Record.? Consi stent with the call to document
the “extent of coverage” of curricular materials (NRC, 2004), we sought to iden-
tify the set of textbook |essonsthat students experienced. Because teachers are gener-
aly given autonomy over what and how to teach, we documented which mathe-
matics content strands were given relative emphasis when teachers enacted the
textbook curriculum. In particular, we photocopied the table of contents of text-
books, and teachers highlighted the lessons (or investigations) they taught. These
recordswere collected at four times during the academic year and provided insight
into what content from the textbook students had an opportunity to learn.

Validity of teachers' self-reported data. Although multiple sources of datawere
used to document the implementation of curricular materials, werelied heavily on
teachers self-reported data. Porter (2002) discussed the question of validity of
teacher survey data. He stated that “a number of investigations of the validity of
survey datafor reporting instructional practice have been completed, especialy in
the context of mathematicsinstruction” (p. 9). Porter indicated that teacher surveys
arevalid only when teachers are willing to complete them. In this study, comple-
tion of Textbook-Use Diariesand Table-of-Contents | mplementation Recordswere
required, and all teachers complied with requests for data on extent of coverage.
Datafrom these sources can bejudged to bevalid, given that “ survey datais excel-
lent for describing . . . what getstaught and for how long” (p. 9). However, teachers
must validly describetheir practices and are morelikely to do so when dataare not
used for teacher evaluation purposes. In this study, participating teachers were
promised that results would be aggregated by curriculum type, not reported at the
teacher level, even when results were shared with district administratorsin partic-
ipating schools. This assurance of anonymity of research findings promoted the
validity of self-reported data because teachers were cognizant that they were not
being directly evaluated. (For arobust review of literature on tools for measuring
the content of instruction, see Porter, 2002.)

Quantifying Implementation: Development of an Implementation |ndex

To operationally quantify implementation of district-adopted textbooks, we
utilized avariety of data sourcesto create anumerical index that was used in subse-
guent quantitative analysis of student achievement data. Specifically, acomposite
implementation index was devel oped, comprising the following components: (1)
relative frequency of textbook use by teacher during instruction, (2) relative
frequency of textbook use by students during instruction, (3) relative frequency of
textbook usefor homework assignment, (4) influence of textbook on lesson content,

2 We acknowledge that these data were collected in Year 2 only, following an Advisory Board
recommendation.
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(5) influence of textbook on lesson presentation, and (6) textbook coverage. Data
for thefirst three components were based on Textbook-Use Diaries and represent
the per centage of instructional daysthetextbook was used by the teacher, students,
and asasource of homework, respectively. Thefourth and fifth variableswere based
on observational dataand represent an average (over three observed lessons) of the
perceived impact of thetextbook on lesson content and presentation using a4-point
scale (0 =not at all, 1 = very little, 2 = somewhat, 3 = a great deal). Finally, based
on datafrom Table-of -Contents | mplementation Records, the sixth variable repre-
sents the percentage of available textbook lessons or investigations that were
reported as “taught.”

It was our consensus that the six factors should not be weighted equally in
formulating a composite implementation index. For example, we argue that the
extent-of-textbook-coverage data are more important in conveying student expe-
riences with the textbook curriculum than other factors such as how frequently
students use their textbook. Accordingly, four members of the research team inde-
pendently assigned weightsto all six factors, and these judgmentswere aggregated
to yield relative weightings for each variable comprising the composite imple-
mentation index (see Table 1).°

Table1
Relative Weights of the Variables Used to Calculate the Composite | mplementation Index

Weight Weight

Variable (year 1) (year 2)

Relative frequency of textbook use by teacher during instruction

(percentage of instructional days)? 28% 21%
Relative frequency of textbook use by students during instruction

(percentage of instructional days)? 10% 8%
Relative frequency of textbook use for homework assignment

(percentage of instructional days)? 14% 11%
Influence of textbook on lesson content? 27% 21%
Influence of textbook on lesson presentation? 21% 17%

Textbook coverage (percentage of lessong/investigations taught)© N/A 21%

Note. Totals may not sum to 100 due to rounding.
3Asreported in the Textbook-Use-Diary.

bAs recorded in the Observation Protocol.

CAs reported in the Table-of-Contents | mplementation Record.

Although there was consensus on which elements should comprise the imple-
mentation index, we concede that the rel ative weighting assigned to each factor is
ultimately subjective. On the other hand, opportunity to |earn—defined by the NRC

3 We note that because the extent-of-textbook-coverage data were not collected in Year 1, thereisa
precipitous drop in weights of the five other variablesin Y ear 2. The weighting of the other five vari-
ables, relative to one another, remains in a constant proportion across both years.
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as “circumstances that allow students to engage in and spend time on academic
tasks’ (20014, p. 333)—is“widely considered the single most important predictor
of student achievement” (p. 334). Thus, characterization of the enacted curriculum
must i nclude documentation of the source and implementation of mathematical tasks
(Stein, Remillard, & Smith, 2007), including activities used in classroom instruc-
tion and problems assigned as homework. Concomitant with these notions, the
composite implementation index includes the relative frequency of textbook use
by teachers and students in order to identify the source(s) and implementation of
mathematics tasks that comprise students’ opportunity to learn.

Measuring the Standards-Based Learning Environment

The implementation index provided a measure of the extent to which students
experienced regular use of curricular materialsaswell astheir opportunity-to-learn
mathematics from district-adopted textbooks. Nevertheless, it did not capture the
degree to which teaching practices were aligned with curricular materials. We
concedethat it isdifficult to identify an “instructional philosophy” associated with
every textbook usedin thisstudy. However, NSF-funded curricular materialswere
purposefully developed to embody tenets of the NCTM Standards, and the mate-
rias reflect the curriculum developers’ interpretation of these standards. It is our
position that a“faithful” implementation of an NSF-funded curriculum ostensibly
requiresthat teachers establish and maintain alearning environment consistent with
the NCTM Sandards. However, this expectation does not uniformly apply across
all textbooks in our sample. On the contrary, some textbook publishers (e.g.,
Saxon) disavow many tenets of the Standards. Because many publisher-devel oped
textbooks do not explicitly stipulate the use of standards-based instructional prac-
tices, observation of such practices would not ostensibly represent evidence of a
“faithful” implementation of such textbooks. Nevertheless, use of publisher-devel -
oped textbooks certainly does not preclude teachersfrom utilizing instructional prac-
tices aligned with the Standards. Therefore, we documented the degree to which
all students (regardless of curriculum type) learned within an environment consis-
tent with the recommendations of NCTM, and this necessitated classroom obser-
vations.

Observation Protocol. Aspreviously noted, we adapted an observation tool used
in the Wisconsin Longitudinal Study (Romberg & Shaffer, 2003) to document the
extent to which students experienced a standards-based learning environment.
Operationally, observers utilized arubric* to indicate the degree (on ascale of 1to
3) to which each of the following five classroom events were evident during each
observed lesson:

1. The enacted lesson provided opportunities for students to make conjectures
about mathematical ideas.

4 Space limitations prohibit inclusion of these rubrics. However, they are available upon request from
the authors.
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2. The enacted lesson fostered the development of conceptual understanding.
3. Students explained their responses or solution strategies.
4. Multiple perspectives/strategies were encouraged and valued.

5. Theteacher valued students' statements about mathematics and used them to build
discussion or work toward shared understanding for the class.

The research team was trained in the use of the Observation Protocol and applica
tion of itsaccompanying rubric. Training consisted of collaborative discussions of
theprotocol, and several rounds of simulated observations using videotaped lessons.
Through negotiation, agreement was reached on 89% of all codings.

For each of the five classroom events, we determined an overall code (High,
Medium, or Low) based on datafrom three observations. In particular, we summed
individual scores(1, 2, or 3) to determinewhether each event should be characterized
asHigh (7 or greater), Medium (5to 6), or Low (4 or less). Categorical codescorre-
sponded to numerical codes asfollows: High =2, Medium =1, and Low = 0. We
then summed the five numerical codesto yield a composite score ranging from O
to 10, aninterval scale. Inthisregard, O essentially represents an absence of astan-
dards-based learning environment. The composite score was used to classify
teachers standards-based |earning environment into three categories: High (7 or
greater), Medium Moderate (3 to 6), and Low (2 or less). It should be noted that
these classifications represent 1 year of student experiences. To classify student
experiences over 2 years, we define the Standards-Based L earning Environment
(SBLE) asthe sum of the composite scoresin Year 1 and Year 2. The SBLE code
was used as an independent variable in subsequent analyses of student achievement
data.

Sudent Achievement Measures

The NRC (2004) identified numerous problems in the selection and use of
outcome measures. Most notably, “too many tests. . . rely exclusively on multiple-
choice format, limiting the assessment of the cognitive levels of performance and
neglecting the long-term development of student knowledge” (p. 195). The NRC
recommended the use of multiple-outcome measures that vary by question type
(open ended, multiple choice) and type of test (international, national, local), and
that ensure “curricular validity of measures,” meaning the outcome measures are
“sensitive to the curriculum’s stated goals and objectives’ (p. 49). Baseline and
outcome measures of student achievement used in this study reflected many of these
recommendations but were not designed to be particularly sensitive to one
curriculum type (NSF funded or publisher developed) nor to any single textbook
per se.

Baseline measures. Prior achievement data were gathered from existing school
records and used asacovariatein analyses. |n most cases, schools provided astan-
dardized mathematics achievement test score (lowa Test of Basic Skills[ITBS] or
Stanford Achievement Test 9[SAT9]) collected during the previous spring for each
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student. These are nationally normed exams with sound psychometric properties
(Geisinger, Spies, Carlson, & Plake, 2007; Spies & Plake, 2005). For two suburban
schoolsin the same state, the only avail able measure was from an assessment instru-
ment developed by CTB-McGraw Hill for that particular state; this assessment
instrument was consistent in test format and largely similar in content focus with
testsdesigned for use on anational level. All baseline datawere converted to Normal
Curve Equivalents (NCE) in order to provide a standard format for subsequent
comparative purposes.

TerraNova Survey. Published by CTB-McGraw Hill, the TerraNova Survey
(TNS) isanorm-referenced, multiple-choicetest that exhibits sound psychometric
properties (Spies& Plake, 2005), and it provided acommon measure across |l sites.
This outcome measure professesto measure student performancein all five Content
Standards (Number and Operations, Algebra, Geometry, Measurement, and Data
Analysis and Probability) and to focus on both mathematical skills and concepts.
A grade-specific TNS was administered in the spring of each year to all Grade 6-8
students in the sample. Forty minutes were allowed for the test. Calculators were
not permitted on the first eight items on each exam but were allowed thereafter, as
per instructionsfrom the publisher. Scale scoreswere used in quantitative analyses
because they use the same metric across grade levels.

Balanced Assessment in Mathematics. At the time of data collection, the
Balanced Assessment in Mathematics (BAM) was published by CTB-McGraw Hill
(but isnow published by Mathematics Assessment Resource Service). In contrast
to TNS, the BAM is a criterion-referenced test. The BAM is a grade-specific,
constructed-response test that professes to measure mathematical reasoning,
problem solving, and communication, as well as proficiency in skills and proce-
dures (Spies & Plake, 2005). A grade-specific test was administered in the spring
of each year to al Grade 6-8 students in the sample. Each test contained five
contextualized problems, within which students answered short fill-in-the-blank
questions and longer show-your-work or explain-your-reasoning questions. All
responses were scored using arubric, and the test had a maximum of 40 points.
Student performance is more broadly gauged by the assignment of one of four
performance levels (see Table 2).

Following administration of the student assessments in the spring of 2003 and
2004, a senior staff member of the BAM project trained the research team and
approximately two dozen local middle and secondary mathematics teachers to
score student responsesto the BAM. These scorersdid not know theidentity of the
schools as they scored tests. In an independent recoding of a stratified random
sample of 171 tests, the average total score differed by less than 0.2 points (on a
40-point scale), indicating a high degree of reliability of scores.

Consistent with recommendationsfor the design of comparative studies of math-
ematics curricula (NRC, 2004), the tests used in this study were of the highest
quality—nationally recognized, ng important mathematics, and comprising
items that were refined after large-scale pilot testing. Additionally, our choice of
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Table2
Performance Levels on the Balanced Assessment in Mathematics
Level of
performance Description
Level 1 The student’ sresponse showsfew of the elements of performancethat the
tasks demand.
Level 2 The student’ s response shows some of the elements of performance that

thetasks demand and some signs of acoherent attack on the core of some
of the problems. However, the shortcomings are substantial, and the
evidence suggests that the student would not be able to produce high-
quality solutions without significant further instruction.

Level 3 For most tasks, the student’ s response shows the main elements of perfor-
mance that the tasks demand, organized as a coherent attack on the core
of the problems. There are errors or omissions, some of which may be
important, but of akind that the student could well fix, with moretime
for checking and revision and some limited help.

Level 4 The student’ s response meets the demands of nearly all of thetasks, with
few errors. With some moretimefor checking and revision, excellent solu-
tionswould seem likely.

tests ensured that outcome measures would vary by question type (multiple choice
and constructed response) and type of test (norm referenced and criterion refer-
enced). However, given the fundamentally different purposes and properties of these
exams, it would not be psychometrically sound to “combine” the two outcome
measures into one “ hybrid” dependent variable. Such acomposite score could not
be meaningfully interpreted in ways that scale scores (TNS) and performance
levels (BAM) can be interpreted separately.

ANALYSISOF DATA

In this study, the substantive focus wasto examine how variables at the teacher
level such asthe use of one curriculum type and/or presence of a standards-based
learning environment impact middle school students’ mathematics achievement.
In studies of teacher-level effects, the data are inherently nested. Students are
nested within classrooms, classrooms are nested within teachers, teachers are
nested within schools, and so on. Similar to Harwell et al. (2007), HLM methods
were used to explicitly address the nesting of the data (for methodological details,
see Bryk & Raudenbush, 1992). There are three major issues with the analysis
of multilevel data using single-level methods such as ANOVA or OLS regres-
sion: (a) underestimation of standard errors, (b) aggregation bias, and (c) hetero-
geneity of regression slopes.

Thefirstissueisthat of standard errors. A curriculumisexperienced by students
inagroup, and thereforeindividual student responses and what they learn are osten-
sibly correlated. Stated alternatively, astudent’ stest scoreis not independent of his
or her other test scores and are more correlated with each other than to other
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students' scores. Similarly, students from the same classroom share more charac-
teristics than they do with students from other classrooms. Because of this depen-
dence, the estimation of the standard errors used for statistical testing are overes-
timated in asingle-level analysis(e.g., ANOVA) at the student level, which would
result in an underestimate of the statistical significance of the group-level effects.
Curricular evaluation studies have recently been criticized for inappropriate selec-
tion of unit of analysis (Kilpatrick, 2003; NRC, 2004). In most studies, student is
theunit of analysis, essentially (and incorrectly) assuming that each student had an
independent experience with the curriculum. By employing HLM, we address this
critical issue by analyzing nested data.

A second issue is that of aggregation bias. A variable can have a different
meaning or effect at different levels. For example, the gender of a student could
influence his or her mathematics achievement score. But the gender composition
of the student’s classroom or school could have a different effect. Multilevel
modeling allows for the study of the effects of variables at the different levels.

Thethird issue concernsthe heterogeneity of regression dopes. Here, student level
variables (e.g., gender, ethnicity, SES) and mathematics achievement could vary
across schools and beinfluenced by school-level variables. A common examplein
mathematics education isthe study of achievement gaps. One could easily imagine
a case in which achievement gaps were different from school to school, and the
research study attempted to attribute these gaps to specific school characteristics.
Multilevel modeling allows for the formal exploration of whether relationships
between student-level variables and outcome variables vary between schools, and
if so, what school-level variables are important.

Finally, similar to Hill, Rowan, and Ball (2005) and many studiesinvolving large-
scal e assessments, there was missing dataon anumber of variables. AsintheHill
analyses, mean imputation was used to deal with missing cases; however in this
sample, the amount of missing data on the variables used in the analyses was
small. The largest amount of missing data on any individual variable was 1.9%.
For afull description of the mean imputation process, we direct readers to Little
and Rubin (1987). For all HLM analyses conducted in this study, the final sample
included 2533 students, 33 teachers at the time of assessment, and 10 schools.

RESEARCH FINDINGS

Drawing on thedatacollected over 2 years, this section summarizesthe main find-
ings of the study. It is organized around the primary research questions.

Predicting Sudent Achievement From I mplementation Indices

In Table 3, we report the mean composite implementation indices for teachers
of each curriculum type, NSF funded and publisher developed. Additionally, we
report means for each of the six variables comprising the composite implementa-
tion index. For 4 of 6 variables, scores are percentages, thus on a scale from 0 to
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Table3
Textbook |mplementation Data for Teachersin Years 1 and 2
Year 1 Year 2
Variable and curriculum type N Mean SD N Mean SD
Composite implementation index
NSF funded 24 7877 11.308 16 7771 12140
Publisher developed 24 7329 15.714 23 76.23 7.497
Relative frequency of textbook use by
teacher during instruction (percentage
of instructional days)
NSF funded 24 80.67 12.802 16 87.38 11.916
Publisher developed 24 76.13 15.540 23 81.13 13.509
Relative frequency of textbook use by
students during instruction (percentage
of instructional days) . .
NSF funded 24 77.79* 12.914 16 83.44* 11.183
Publisher developed 24 66.46 21514 23 70.74° 21.009
Relative frequency of textbook use for
homework assignment (percentage of
instructional days)
NSF funded 24 5854 20.347 16 73.00 18.195
Publisher developed 24 56.75 26.995 23 68.17 22.340
Influence of textbook on lesson
content?
NSF funded 24 26528 43383 16 25625 .39849
Publisher developed 24 25556 55313 23 2.6377 .41333
Influence of textbook on lesson
presentation?
NSF funded 24 23333 58772 16 22083 .61914
Publisher developed 24 20556 .64206 23 23406 .59983
Textbook coverage (percentage of
lessons/investigations taught)
NSF funded 24 N/A N/A 16 67.63 21341
Publisher developed 24 23 68.13 16.168

aFour-point scale: 0 = not at all, 1 = very little, 2 = somewhat, 3 = a great deal.
*p<.05.

100. With regard to the perceived influence of the district-adopted textbook on lesson
content and presentation, scores range from O (not at all) to 3 (a great deal).
Asreported in Table 3, in both Year 1 and Year 2 the mean composite imple-
mentation indices were not significantly different across groups of teachers, with
each group scoring in the mid-to-upper 70s, reflecting relatively strong imple-
mentation. That is, there were no significant differences with regard to implemen-
tation between teachers using NSF-funded or publisher-devel oped textbooks—both
groups of teachers utilized their textbooks at approximately the same level.
Because the implementation index is alinear combination of many factors, we
undertook a secondary analysis of data on each variable comprising the index.
Specifically, we detected no significant differences between the two groups of
teacherson any singular variablein Year 1 or 2, with one exception. Teachersusing
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NSF-funded curriculareported asignificantly higher Frequency of Use of Textbooks
by Students During Instruction, and this higher rate was observed in both Y ear 1
(77.79%, NSF vs. 66.46%, publisher developed) and Year 2 (83.44%, NSF vs.
70.74%, publisher developed).

Dataonteachers’ extent of coverage of curricular materialsin Y ear 2 arereported
elsewhere (see Tarr et al., 2006) but reveal ed that both sets of teachers placed greater
emphasis on Number and Operations than would be expected, given the composi-
tion of their textbooks, often at the expense of Data Analysis and Probability,
Geometry, and Measurement. It isinteresting to notethat all teachers of Connected
Mathematics and Mathematicsin Context utilized at |east some modulesthat were
intended for studentsin adifferent grade and in nearly all cases the modules were
written for lower grades, but this phenomenon largely reflected strict district poli-
cies regarding scope and sequence.

We utilized the implementation indices to examine whether implementation is
apredictor of student achievement; that is, we sought to determine whether there
is arelationship between implementation indices and student achievement on the
BAM and TNS. HLM revealed that the composite implementation index was not
asignificant predictor of mathematics achievement, using the BAM performance
levels and TNS scale scores as separate dependent variables. Stated alternatively,
higher indices were not necessarily associated with higher student achievement on
either outcome measure, and thisfinding is discussed in alater section.

Although Table 3includes means and standard deviations, it does not reveal that
oneteacher reported not using her district-adopted textbook, MathThematics. This
virtual abandonment of the textbook curriculum yielded her a composite imple-
mentation index of 7 on a100-point scale (more than five standard deviations below
the mean of teachers using NSF-funded curricula). Although there was some vari-
ability in implementation indices, we ultimately excluded only this teacher from
analysisof student achievement data. Because our index takesinto account different
facets of implementation, for all but thisaf orementioned teacher, we considered text-
book use to be substantial enough to examine links between curriculum type and
student outcome measures.

Predicting Sudent Achievement From Curriculum Type

Boththe BAM and TNS outcomeswere analyzed separately with HLM. Student-
level regression models containing prior mathematics achievement, gender, and
ethnicity were fitted to the data for each classroom. For each outcome (BAM and
TNS), three models were fitted. First, an unconditional model of the form

Yiik = Tk * Sjk
Toik = Book * Tojk
Book = Yooo * Yook
wasfitted, whereYijk isthe achievement of child i in classroomj and school k, Thik

is the mean mathematics achievement of classroom j in school k, B, isthe mean
mathematics achievement in school K, ., is the grand mean, 8ijk is the random
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student effect, ry, is a random classroom effect, and u,,, is a random school
effect. Results of the unconditional models showed that 8% and 15.4% of the vari-
ation in mathemati cs achievement was between teachers and schools for the TNS
and BAM, respectively.

To addressthe effect of curriculum type on student achievement, amodel of the
form

Level-1 Model: Yj;, = 7y, + 713;(Prior Achievementijk—_xl)

+ 1y (Gender, ik - X5)

+ 7T4jk(H|span|cijk— Xy

+ 1, (Native American;, - Xg)

+ i, (Other Ethnicity;;, — Xg) + riji

Level-2 Model: 7y, = Booi + BoarNSFji + ik

wasfitted, where 1, is the student-level slope capturing the effect of prior math-
ematics achievement with teacher j in school k, and 3y, is the teacher-level slope
capturing the effect of NSF-funded curriculaon mathematics achievement in school
k. The effects of curriculum type (NSF funded or publisher devel oped) on mathe-
matics achievement, using the BAM performance levels and TNS scale scores as

separate dependent variables, are shown in Table 4. In all cases, the main effect of
curriculum type was not found to be statistically significant.

Table4
Effects of Curriculum Type on the BAM and the TNS N, g, 1 = 2533; N o 2 = 33
BAM TNS
M ean mathematics achievement 1955  701.632"**
(.071) (2.362)
NSF funded 216 -0.812
(.122) (4.041)
Prior achievement .033™" 1.689"""
(.001) (.040)
Gender -.019 -3.652""
(.029) (1.284)
Black .015 -5.055
(.070) (3.119)
Hispanic —.005 -5.029
(.065) (2.881)
Native American .011 8.742
(.141) (6.301)
Other ethnicity .071 5.284
(.071) (3.134)
**p < .01. ***p < .001.
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Prevalence and Predictive Power of a Standards-Based Learning Environment
(SBLE)

Borko, Kieran, and Lester (2004) note that “the general mathematics education
community too often usesterms such as'* standards-based instruction,’ ‘ reform-based
classrooms,” ‘problem-based instruction,” and ‘inquiry-based teaching’ inter-
changeably” (p. 168). For the purpose of this study, SBLE classified student expe-
riences over 2 years with respect to five “classroom events’ that we have associ-
ated with “ standards-based instruction.”

Figure 2 depicts, by textbook, the SBLE score (0 to 10) for each teacher in the
2-year study. We observed lower level s of standards-based instructionin each year
of the study, yet ranging widely in both years. As shown in the three left-most
columns, a standards-based learning environment was more prevalent among
teachers utilizing an NSF-funded curriculum. However, itisalso clear that although
NSF-funded curriculamay encourage or facilitate use of these standards-based prac-
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Figure 2. Standards-Based L earning Environment (SBLE), by teachers and textbook.
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tices, they are obviously not sufficient in yielding High levels, as evident in rela
tively Low scoresfor approximately 30% of all teachersusing this curriculum type.
Teachers of publisher-developed curricula also exhibited generally Low SBLE
scores, but thiswas not uniformly the case; Moderate levels of SBLE were evident
among teachers of Glencoe, Harcourt Brace, and Southwestern.

Interaction Between Curriculum Type and SBLE

To address research question 3, the previous model was changed at Level 2:

Level-2 Model: Tojk = Book + Boa(NSF)j
+ [3’02|((SBLE)jk + Borg(NSF x SBLE)jk + ok
Thisfinal model included the addition of SBLE aswell astheinteraction between
curriculum type and SBLE.

Table 5 shows the effects of SBLE, curriculum type, and the interaction
between the two on mathematics achievement using the BAM and TNS stan-
dardized tests as separate dependent variables. Using the BAM standardized test
asthe dependent variable, the interaction between SBLE and curriculum type was
found to be statistically significant. Using the TNS asthe dependent variable, the
interaction and the main effects of SBLE and curriculum type were not statisti-
cally significant.

Table5
Effects of Curriculum Type and SBLE on BAM and TNSN, o, 1 = 2533; N| gg 2 = 33

Balanced Assessment TerraNova

in Mathematics Survey
Mean mathematics achievement 2.041"" 704.681"""
(.114) (4.218)
NSF funded —0.446 -15.667
(.251) (9.311)
Standards-Based L earning Environment (SBLE) -0.023 -0.796
(.025) (.910)
NSF x SBLE 0.080 1.989
(.032) . (1.170) |
Prior achievement .033 1.687
(.001) (.040)
Gender —-.020 -3.684
(.029) (1.284)
Black .018 -5.035
(.070) (3.125)
Hispanic —.001 -5.054
(.065) (2.889)
Native American .004 8.600
(.1412) (6.302)
Other ethnicity .077 5.365
(.072) (3.143)

*Kk

“p<.05.""p<.01."""p<.00L
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Thejoint relationship between curriculum type and SBLE on BAM performance
level isshownin Figure 3. To aid ininterpretation, wetrichotomizethe SBLE vari-
ablebased on our previous definition to Low, Moderate, and High to depict the trend
in student performance level on the BAM; most notably, the slope is both signifi-
cant and positive. That is, studentsin classrooms were positively impacted on the
BAM by NSF-funded curriculawhen coupled with either Moderate or High levels
of SBLE. Therewasno statistically significant impact of NSF-funded curriculaon
studentsin classroomswith aLow level of SBLE. By way of contrast, although there
appearsto be adightly negative rel ationship between publisher-devel oped textbooks
and SBLE, our analysisreveal ed that thisrelationship is not statistically significant.
Stated differently, studentsin classroomswith publisher-devel oped textbookswere
not impacted onthe BAM by varying levelsof SBLE. It should al so be pointed out
that there was no significant impact of either curriculum type when coupled with
varying levels of SBLE on the TNS as the dependent measure.
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Figure 3. Effect of SBLE on BAM performance level, by curriculum type.

LIMITATIONS

We acknowledge several limitations of this study. These include issues related
to the sampleand analyses, limited observation data, and chall enges associated with
equating groups, as well as school, teacher, and student attrition.
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Sample Sze at the Teacher Level

Through the use of HLM, we were able to statistically address the nesting of the
data, analyzing the data as students within teachers within schools. However,
because the final sample size was 33 teachers at the time of the assessment, this
profoundly limited the statistical modeling that we were ableto do. With thissmall
sample size, it was difficult to add more variables at the teacher level because of
thelimited statistical power. From amore general perspective, there are numerous
research questions that are of interest at the teacher/classroom/school level. With
multilevel modeling techniques, the sample sizes at each of theselevelsneed to be
sufficient to address the research questions. Issues of statistical underspecification
can be addressed with larger sample sizes.

One Urban School Was Dropped From the Sudy

This decision was made because of numerous problems associated with data
collection. Initially it was difficult to obtain prior achievement scores of the sixth
gradersand seventh graders, and the school district promised but ultimately refused
to provide FRL data at the student level. The withdrawal of one teacher, respon-
sible for more than half of al seventh graders, coupled with high student absen-
teeism and incompl ete prior achievement data resulted in exclusion of this school
fromanalysis. Notwithstanding theloss of statistical power resulting from attrition,
two other urban schools remained in our sample for the duration of the study.

One School Changed Its Mathematics Program After the 1st Year

No mention of the possibility of changing mathematics curriculum arose during
the 1st year of the study. Y et during the summer between Y ear 1 and 2, theteachers
at one school choseto return to atextbook seriesformerly used. Although thisdeci-
sion was not unanimous among teachers, all agreed to abide by this decision.
Consequently, this school, originally identified as a user of an NSF-funded
curriculum, used the program for 1 year and then switched to a publisher-devel-
oped curriculum (see Appendix, school 5).

Direct Comparisons of Students Participating in Different Mathematics Programs
Was Not Possible

Three different NSF mathematics programs were represented in this study.
However, companion schools (similar in demographics to schools using NSF-
developed textbooks) used more than 20 different publisher-developed mathe-
matics textbooks, and these programs differed in content focus and instructional
philosophy. Asaresult of the diversity of textbooks used, it was not appropriateto
directly compare the achievement of students experiencing one textbook against
students experiencing another textbook. Instead, student achievement data were
analyzed with respect to curriculum type (NSF funded vs. publisher developed).
The decision to group all three NSF-funded textbooks is consistent with similar
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groupingsof previouseffortsto reform school mathematics; most notably, avariety
of curriculum projects were “lumped together” in the 1960s to form a corpus of
curriculaknown as “the new math” (Davis, 1990).

No Common Prior Achievement Measures Across All Schools Were Available

Thisstudy relied on available prior student performance datarather than asking
schoolsto commit additional daysto testing.® To document prior student achieve-
ment, six schools provided I TBS scores, two SAT9, and the two remaining schools
provided resultson their state assessments. It isworth noting that the two remaining
schools were amatched pair: one school used an NSF-funded textbook, one used
a publisher-developed textbook; they were located in the same state; and they
provided achievement dataon their (common) state assessment. In an effort to get
a common metric for prior achievement, a transformation was done to produce
NCEs. This transformation to a common metric was necessary but results on the
same standardized test would have been ideal for a prior achievement measure.

Limited Number of Teacher Observations

Each teacher was observed three times during each year of the study. Although
teachers may have taught several classes of the sametype, the researchersdid not
observe every class. Lack of resources prevented more observations. More obser-
vations during the year, including observations in every class taught by every
teacher, would likely have strengthened the profile on the classroom learning envi-
ronment. Given thislimitation, it isnot possible to generalize the results from the
observational datato al of the teachers’ classes. Consequently this reduced the
number of classes, thereby sacrificing some statistical power in subsequent
analyses. Nevertheless, data were generally consistent across three observations
both in relation to the classroom learning environment and to teachers' use of
curricular materials. Stated aternatively, teacherswho had alow SBLE inasingle
observation were typically assigned identical codesin each of the three indepen-
dent observations. Similar consistency was evident among teachers with higher
SBLEs.

DISCUSSION

Inthewake of No Child Left Behind (NCLB, 2002), school districtsare required
to monitor achievement trends and document “ Adequate Y early Progress.” Declines
in performance, stagnant test scores, or even modest improvementsthat do not meet
public expectations often become an impetus for changes in curriculum policy,
beginning with the selection of district-adopted textbooks. Results of this study

5 School swere unwilling to commit to morethan 2 days of project-related testing in addition to existing
state testing programs. Consequently, it was not possible to administer acommon prior achievement
measure in our study.
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underscore the complexities associated with curriculum evaluation research and
caution against oversimplistic interpretations of student achievement datain rela-
tion to mathematics curriculum. In fact, the quasi-experimental design of thisstudy
implies that strong causal inferences are not warranted because students were not
randomly assigned to classes, classes were not randomly assigned to teachers, and
teachers were not randomly assigned to one of two curriculum types. Moreover,
consistent with our conceptual framework (see Figure 1), we concede that numerous
factors other than curriculum affect student performance in mathematics.
Nevertheless, there are several key messages that emerge from the research find-
ings reported here.

Documenting Treatment Integrity

Thediscordant use of district-adopted textbooks by middle-grades mathematics
teachersin thisstudy likely reflectsthe autonomy of many U.S. teacherswho operate
under the tenets of “local control.” Thus, teacher decisionsregarding the selection
of mathematics content to teach and emphasize resulted in striking differencesin
students’ opportunity to learn, even within agiven school building (Tarr et ., 2006).
Thisresult is consistent with Kilpatrick’ s (2003) assertion that “two classroomsin
which the same curriculum is supposedly being ‘implemented” may look very
different” (p. 473). Furthermore, these disparitiesin students' opportunity to learn
suggest the need for greater oversight by supervisors of mathematics education at
al levels.

From a research perspective, if links are to be established between student
outcomes and mathematics curriculum, these gaping discrepanciesin teachers’ text-
book use necessitate the documentation of treatment integrity, or “fidelity of
implementation.” Results of our study suggest that this, too, isacomplex endeavor.
Indeed, we acknowledge methodological challenges associated with measuring
what we refer to as textbook integrity (for a full description, see Chval et a., in
press). Our implementation indicesincluded measures of how often teachers used
curricular materialsand the extent of coverage of textbooks. We observed markedly
different enactments of the same lesson in which textbooks were “used” and
lessons “covered,” resulting in distinctive experiences as students interacted with
curricular materialsin classrooms. Moreover, when teachers deviated from text-
books, they supplemented in markedly different ways; several teachers of NSF-
funded curricula created worksheets to strengthen students’ procedural skills,
whereas at | east some teachers using publisher-devel oped textbooks supplemented
with investigations from Connected Mathematics Project. Our composite imple-
mentation index was not sensitive enough to capture these nuances, and perhaps
this might explain why implementation fidelity was not singularly a significant
predictor of student achievement. Future research should seek to develop ametric
for detecting student achievement in relation to particular uses of curricular mate-
rials, toidentify essential factors of implementation, and to determine appropriate
weightings for each factor.
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Results of the BAM

After taking into account student background variables (most notably prior
achievement) and teacher variables (e.g., implementation indices), curriculum type
was not a significant predictor of student achievement on either student outcome
measure. However, our models ascertained a significant relationship between
curriculum type, the classroom learning environment, and student performance on
the BAM. In particular, in classrooms where teachers offered Moderate or High
levels of SBLE with an NSF-funded curriculum, there were significantly higher
performance levels on the BAM (see Figure 3). The fact that such an interaction
was evident for only NSF-funded curriculais noteworthy for several reasons. First,
NSF-funded programs had a common set of design specifications stipulating that
each textbook embody major tenets of the NCTM Standards. In fact, many NSF-
funded textbooks were initially (and continue to be) marketed as “ Sandards-
based,” offering an alternative to more traditional school mathematics programs.
Thus, it is clearly expected that any implementation of a “ Standards-based”
curriculum includethe provision of astandards-based |earning environment. When
teachers of an NSF-funded curriculum enacted the curriculum in amanner consis-
tent with authors’ intent, the results were superior performance on constructed-
response items comprising the BAM, a format increasingly used in many state-
mandated testing programs. On the other hand, when teacherstaught an NSF-funded
curriculum without a standards-based |earning environment, incongruence between
curriculum and instruction resulted and was manifested in lower achievement on
theBAM. Stated aternatively, an NSF-funded curriculum without a standards-based
learning environment can no longer be considered an implemented “standards-
based” curriculum, and such implementation was associated with agenerally lower
performance level onthe BAM.

A similar argument can be employed to explain why an interaction between SBLE
and publisher-devel oped textbooks did not yield the same achievement trends on
the BAM. In particular, because publisher-developed textbooks do not stipulate
employment of “standards-based instruction,” it should not be surprising that
SBLE was not a significant predictor of student achievement in classrooms with
this curriculum type. In short, the neither higher nor lower levels of SBLE neces-
sarily represent incongruence between curriculum and instruction when publisher-
developed textbooks are being used.

It should be noted that higher levels of SBLE were more prevalent among
teachers utilizing NSF-funded curricula. Stated differently, a standards-based
learning environment was more readily created by these teachers. However, the
availability of “Sandards-based” curricular materials did not translate into High
(or even Moderate) levels of SBLE for al teachers using NSF-funded textbooks.
This finding suggests that ongoing professional development is needed because,
without the provision of professional development aimed at yielding a more
faithful implementation of NSF-funded curricula, student performance may be
expected to lag.
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Thefact that alow level of SBLE was evident among 30% of teachersusing NSF-
funded curricula is troubling given the composition of the school and teacher
samples. After all, Principal Investigators of NSF IMD grants nominated these
schools, teachers in these schools received significantly more professional devel-
opment than teachers of publisher-developed textbooks, and professional devel-
opment generally focused on learning how to faithfully implement the NSF-funded
textbook. Such variable enactment of NSF-funded curriculaby teachersin this study
is further evidence that “ standards-based curricula are challenging to enact well”
(Steinetal., 2007, p. 361). Additional studiesare needed to identify the factorsthat
influence successful implementation of standards-based curriculaand explore why
curriculum-specific professional development failsto achieve desired goalsfor some
participants.

Results of the TNS

The lack of significant findingsin TNS datais compelling for several reasons.
One possible explanation for the lack of significant findingsrelatesto the selection
of outcome measures used in curriculum evaluation studies. As Kilpatrick (2003)
pointed out, “ Standardized achievement tests, in particular, are exceedingly blunt
instruments for measuring what students might learnin agiven year from agiven
curriculum” (p. 479), becausethey contain only afew items per content strand, math-
ematical process or concept. In fact, the NRC (2004) stipulated the need to estab-
lish “curricular validity of measures’ (p. 49) when drawing inferences between
student achievement and mathematics curriculum. We did not seek to determine
the curricular validity of the TNS or BAM and therefore cannot support the posi-
tion that either outcome measure has (or lacks) curricular validity. Such claims
would have necessitated detailed curriculum analyses of more than 20 mathe-
matics textbooks in relation to 32 multiple-choice test items, and this was beyond
the scope of our resources. However, given that the TNS, likethe BAM, isconsid-
ered to be arespectableinstrument for gauging student achievement in mathematics,
it is possible that both curriculum types yielded comparable student performance
on the TNS. Such afinding would be consi stent with previous research (e.g., Senk
& Thompson, 2003) that indicated that students who experienced NSF-funded
curriculaperform at least comparabl e to studentswho experienced more traditional
school mathematics programs.

A second plausible explanation for the lack of significant differencesisthat, after
accounting for initial differencesin student achievement, therewassimply little vari-
ationin TNSscores. Asprevioudly stated, for all participating schools, prior achieve-
ment was provided in the form of NCEs on nationally normed, multiple-choicetests.
These standardized achievement testsare highly correlated with one another. Inone
study (VirginiaDepartment of Education, 1997), a.81 correl ation wasfound between
scoresonthe ITBS and SAT9 tests of el ghth-grade mathematics. The ITBS, SATY,
and TNS purport to measure the same general construct, and al three instruments
sharethe same stated purpose, namely to compar e student performanceto anorming
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population. Thus, after adjusting for initial differencesin prior achievement, scores
on the TNS may have offered little variation that could be attributable to one
curriculum type or another, yielding alack of statistically significant differences.

Selecting Outcome Measures

Our decision to use the TNS as an outcome measure was largely based on the
fact that local decision makers and the general public place great value on student
performance within the school system or in relation to national norms. When
seeking schoolsto participate, we found that school district personnel embraced the
ideathat we would shed light on how their students performed compared to national
norms. In thisregard, at least some school administrators seemed most concerned
about whether their studentswere progressing at the samerate astheir peersin other
schools or whether they were performing above or below average relative to a
national sample. Stated alternatively, superintendents and principalsat some schools
wereless concerned about what mathematics students precisely |earned but instead
were preoccupied about “how they did” overall. This message is consistent with
Kilpatrick (2003) who suggested that recent curriculum evaluation research is
aimed at reassuring the public that NSF-funded curricula are not harming students
rather than assessing what students are actually learning. Thus, the limited utility
of scores on the TNS calls into question the use of norm-referenced achievement
testsin curriculum evaluation studies: “Norm-referenced dataare limited, however,
because they do not show what a student actually can or cannot do. . . . Nor does
the norm-referenced score indicate what a student needs to do to improve” (NRC,
2001b, pp. 213-214).

In contrast, becausethe BAM isacriterion-referenced test, it enabled thereporting
of each student’ s performancein absoluteterms—that is, in terms of what the student
can or cannot do. Performance assessments have the added value of enabling
administrators (and researchers) to examine student achievement across student
populations, including studentswho experienced aparticular curriculum type (NSF
funded or publisher devel oped). However, curriculum evaluation studiesarein need
of performance assessments that precisely measure what is learned from a given
curriculum or, in comparative studies, what islearned from two or more curricula.
Future research should seek to develop curriculum-specific or “fair” tests that
exhibit curricular validity of outcome measures and provide content-specific
subscoresthat can convey therelative strengths and weaknesses of acurriculumto
textbook authors and publishersaswell asto parents, teachers, administrators, and
policymakers.

CONCLUSION

Thisstudy sought to compare and contrast the systemic effects of textbook adop-
tions, curriculum, teacher practices, and standards-based |earning environment on
student achievement in mathematics. The findings reported herein answer some
research questions but raise several more. Given that students using both types of
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curriculum performed comparably on both the TNS and BAM, why does there
continue to be an ongoing controversy surrounding the NSF-funded curricula? This
guasi-experimental study joins an expanding body of research that heretofore has
reveal ed essentially no significant differencesin student achievement when consid-
ering only curriculum type; achievement was significantly impacted when consid-
ering the interaction between curriculum type and SBLE.

Additionally, this study provides evidence that a standards-based |earning envi-
ronment positively impacts achievement on performance assessments such as the
BAM but only when coupled with acurriculum that is designed to embody this peda-
gogical orientation. In particular, when NSF-funded curricula were implemented
in amanner consistent with its design specifications, student achievement on the
BAM was compelling; when thiswas not the case, BAM performance levelswere
lower. It followsthat what is needed is coherence between the textbook and imple-
mented curricula; that is, consistency between curriculum and instruction is needed
in order to actualize student learning in mathematics.

Theimportance (yet overt lack) of astandards-based |earning environment raises
the following questions: Why does professional devel opment successfully impact
some teachers but not others? What makes implementation of a NSF-funded
curriculum so difficult that it precipitates glaring deviations from the textbook or,
in at least one case, the abandonment of an entire school mathematics program?
Future research should address these questionsif curriculum continuesto be viewed
by policymakers as a primary lever for improving student achievement.

Finally, this study addressed the need for additional research into curricular
effectiveness (NRC, 2004) but nonethel ess represents only one piece. Additional
research is needed to ascertain the rel ationship between mathematics curriculaand
student learning, taking into account teachers' interpretation of, interaction with,
and implementation of district-adopted textbooks and other curricular materials.
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APPENDIX

Textbooks used by school, grade, and course (Y ear 1):
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School Grade Course Textbook

No. of students

2
3

10

11

O N oN O N o NoOoONOo

~

O N oNo NO

6B
7B
6B
7B
7C
6B
6C
7B
7C
6A
6B
7B
6B
6C
7B
7C
6A
6B
6C
7A
7B
7C
6B
7B
7C
6B
A
6B
6C
7B
7C
6B
6C
6A
7B
7C
A

Connected Mathematics

Connected Mathematics

MathThematics

MathThematics

MathThematics

MathThematics

MathThematics

MathThematics

MathThematics

Mathematicsin Context

Mathematicsin Context

Mathematicsin Context

Mathematicsin Context

Mathematicsin Context

Mathematicsin Context

Mathematicsin Context

Harcourt Brace

Harcourt Brace

Harcourt Brace

Glencoe Mathematics Applications and Connections
Glencoe Mathematics Applications and Connections
Glencoe Mathematics Applications and Connections
Addison-Wesley

Southwestern

Southwestern

Saxon

Houghton Mifflin

Glencoe Mathematics Applications and Connections
Glencoe Mathematics Applications and Connections
Glencoe Mathematics Applications and Connections
Glencoe Mathematics Applications and Connections
Saxon

Saxon

Saxon

Saxon

Saxon

Saxon

53
47
86
58
19
195
23
206
27
33
110
132
138
40
127
31
59
181
24
50
111
172
105
79
17
41
45
108
34
56
68
49
19
16
35
18
7

Note: Thedigit inthe course coderefersto the grade, theletters designate thelevel of the class, asreported
by the school: A, remedial or basic; B, regular; C, advanced.
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Textbooks used by school, grade, and course (Y ear 2):

School Grade Course Textbook No. of students
2 7 7B Connected Mathematics 53
8 8B  Connected Mathematics 47
3 7 7B MathThematics 61
7C  MathThematics 25
8 8B  MathThematics 51
8C  Integrated Mathematics: Houghton Mifflin 26
4 7 7B MathThematics 19
7C  MathThematics 26
8 8B  MathThematics 205
8C  Mathematics: Modeling Our World Southwestern 28
5 7 7A  Glencoe Mathematics Applications and Connections 30
7B Glencoe Mathematics Applications and Connections 92
AA  FocusOn Algebra SF-AW 21
8 8A  Glencoe Mathematics Applications and Connections 8
8B  Glencoe Mathematics Applications and Connections 13
8C  Glencoe Mathematics Applications and Connections 88
AA  FocusOn Algebra SF-AW 23
6 7 7B Mathematicsin Context 135
7C  Mathematicsin Context 43
8 8B Mathematicsin Context 125
AA  Algebral McDougal Littell 33
7 7 7A  Glencoe Mathematics Applications and Connections 65
7B Glencoe Mathematics Applications and Connections 74
7C  Glencoe Mathematics Applications and Connections 103
7C  UCSMP Transition Mathematics 22
8 8A  Addison-Wesley Middle School Math 61
8B  Addison-Wesley Middle School Math 14
8C  Glencoe Mathematics Applications and Connections 169
AA  Algebra 1l Glencoe 89
8 7 7B Prentice Hall Mathematics 77
7C  Prentice Hall Mathematics 28
8 8B Prentice Hall Mathematics 78
8C  Algebra 1 Holt Rinehart Winston 18
9 7 7B Houghton Mifflin Mathematics Experience 41
8 8B  Mathematical Connections Houghton Mifflin 45
10 7 7B Glencoe Mathematics Applications and Connections 117
7C  Pre-Algebra Glencoe 25
8 8B  Glencoe Mathematics Applications and Connections 21
8C  Pre-Algebra Glencoe 80
AA  Algebral McDougal Littell 23
11 7 7A  Saxon Math 87 18
7B Saxon Math 87 41
7C  Saxon Algebra 1/2 25
8 8A  Saxon Algebra 1/2 5
8B  Saxon Algebra 1/2 31
8C  SaxonAlgebral 24

Note: Thedigit in the course coderefersto thegrade, theletters designate thelevel of the class, asreported
by the school: A, remedial or basic; B, regular; C, advanced. AA represents an algebra course.



